In modern agriculture, there is a challenge for adequately nourishing plants using sustainable techniques, mitigating the use of mineral fertilizers, especially nitrogenous fertilizers, which are the most used for corn crops. The objective of this study is to evaluate the accumulation potential of nitrogen, phosphorus and potassium in: a) cover crops (millet, crotalaria, pigeon pea, millet + crotalaria, millet + pigeon pea and fallow) and b) corn plants sown in succession to the cover crops and with application of nitrogen doses (0, 40, 80 and 120 kg ha . Inoculation via seeds using Azospirillum brasilense did not increase the accumulation of dry matter and nutrients of corn plants. It is recommended to cultivate corn in succession to the millet + crotalaria and the aplication of 80 to 100 kg ha -1 of N in topdressing aiming at better nutrition of the plants.
Introduction
In areas cultivated with corn crops, the most important aspect is plant nutrition. It aims to nourish the plant adequately, minimizing losses and making the use of nutrients more efficient, especially nitrogen (N), phosphorus (P) and potassium (K), which are the most extracted nutrients from the soil by corn plants. According to Coelho and França (1995) and Von Pinho et al. (2009) , corn plants accumulate macronutrients in shoot dry matter in the following decreasing order: N>K>P>Ca>Mg>S. Given the high economic and environmental costs of the mineral fertilizer manufacturing process, agriculture faces the challenge of increasing crop production and reducing the use of fertilizers to make the agricultural system sustainable (Marini et al., 2015) . In this context, it is necessary to seek other forms of supplying nutrients for crops, especially corn. In general, green manure or cover crops, used for the formation of straw for the direct seeding system, play a fundamental role in the cycling of nutrients, both from mineral fertilizers and not used by commercial crops and from the mineralization of soil organic matter (Torres et al., 2008) . This allows the production of food using a low amount of mineral fertilizer (Buzinaro et al., 2009) , consequently reducing production costs (Ferreira et al., 2012) . According to Silva et al. (2006) , in an average of two years, nutrient accumulation in crotalaria plants occur in the following decreasing order: K>N>P (230, 180 and 28 kg ha -1 , respectively). In millet plants, nutrient accumulation is K>N>P (182, 66 and 19 kg ha -1 , respectively). Gitti et al. (2012) reported the accumulation of 54 kg ha -1 of K, 44 kg ha -1 of N and 8 kg ha -1 of P in pigeon pea plants, 125 kg ha -1 of K, 75 kg ha -1 of N and 16 kg ha -1 of P in millet + crotalaria plants, and 80 kg ha -1 of K, 56 kg ha -1 of N and 12 kg ha -1 of P in millet + pigeon pea plants. That is, plant cover species have a potential to supply nutrients to corn crops, mainly N, P and K, which are the most required nutrients by this crop. For corn, the most important nutrient is nitrogen. It limits production the most (Fornasieri Filho, 2007; Roberto et al., 2010; Silva et al., 2013) and is the costliest element for production (Amado et al., 2002) . Usually, corn crops require nitrogen fertilization in topdressing to complement the amount of nutrients supplied by the soil (Nunes et al., 2013) . The efficiency of nitrogen absorption by plants is usually equal to or less than 60% (Broch and Ranno, 2008) . In order to increase the efficiency of nitrogen fertilization, it is important to take into account the soil nitrogen dynamics since it is a nutrient subjected to leaching losses, ammoniacal volatilization (N-NH 3 ), immobilization, mobilization, nitrification, denitrification and mineralization (Rambo et al., 2004) . Another important factor to improve the efficiency of nitrogen fertilization is to know the history of the area, that is, depending on the crops preceding the corn crop in a same area, it is possible to better manage nitrogen doses, sources and application.
Plant Growth-Promoting Bacteria (PGPB) are able to fix atmospheric nitrogen, solubilize phosphorus and iron, and produce plant hormones such as auxins, gibberellins, cytokinins and ethylene (Bashan and Bashan, 2005) . Plants of the genus Azospirillum, when inoculated, may not reach an efficiency similar to that of rhizobia-leguminous symbioses in the soil. However, the contribution of N fixed by grasses is approximately 25-50 kg N ha -1 year -1
, equivalent to the average N supply of approximately 17% of the crop demand (Moreira et al., 2010) . According to Hungria et al. (2010) , there should be an increase in the use of inoculants in the coming years due to increased fertilizer costs, pollution concerns and a focus on sustainable agriculture. This increase should help to achieve the objective of reducing the use of chemical fertilizers. Factors that interfere with crop responses to inoculation of Azospirillum are not yet fully understood (Repke et al., 2013) . Therefore, the results are still inconsistent and further studies aiming to improve inoculation efficiency are required.
Thus, studies aimed at reducing or optimizing the use of fertilizers are important, such as the use of different species of cover crops and plant growth promoting bacteria that can contribute to better nutrition of corn plants and nutrient cycling making the production system more sustainable.
The objective of this study is to evaluate the accumulation potential of nitrogen, phosphorus and potassium of cover crops (millet, crotalaria, pigeon pea, millet + crotalaria, millet + pigeon pea and fallow) and corn plants sown in succession to this cover crops in function of nitrogen doses (0, 40, 80 and 120 kg ha -1 ) and inoculation via seeds using Azospirillum brasilense.
Results and discussion

Climatic aspects
The accumulation of rainfalls during the crop cover cycle in the first and the second cropping years (Fig 1A and B) was 182 mm and 228 mm, respectively. In addition to a low volume of rainfalls during the first year, there was an irregular rainfall distribution and high temperatures during the full vegetative development stage. Such drought periods were managed by sprinkler irrigation.
For corn crops, the cumulative rainfalls until flowering was, during the first agricultural year (174 mm), approximately 3.6 mm/day; for the second year (271 mm), approximately 5.5 mm/day (Fig 1A and B) . It is noteworthy that there was water supplementation by irrigation. According to Fornasieri Filho (2007) and Fancelli (2015) , corn crops require 400-600 mm of rainfall to produce normally without the need for irrigation. Fancelli (2015) pointed out that water consumption by the crop, in hot and dry weather, rarely exceeds 3.0 mm day -1 as long as the plant has 7-8 leaves. However, between earing and maturation, this water consumption may increase to 5.0-7.5 mm per day. The author reports that 4.5 mm/day should be considered the average water consumption by corn independent from the phenological phase.
Accumulation of N, P and K in cover crops
According to the average N values accumulated during the first year (Table 1) , high N values were observed for crotalaria and millet + crotalaria, differing from millet and pigeon pea. Silva et al. (2006) , Ohland et al. (2005) and Kappes (2011) reported that crotalaria, in addition to a high dry matter production, is associated with rhizobia that fixate atmospheric N 2 , resulting in a high N content in the dry matter. Silva et al. (2006) reported that crotalaria provides an accumulated amount of N approximately 2.7 and 5.8 times higher than millet and fallow, respectively. Torres et al. (2005) observed a high accumulated N in crotalaria in relation to millet, but it did not differ from pigeon pea.
During the second agricultural year, vegetation cover comprising millet + crotalaria resulted in a higher amount of accumulated N compared to fallow. Gitti et al. (2012) reported amounts of N accumulated in crotalaria and millet + crotalaria of 75.5 and 74.9 kg ha ). Perin et al. (2004) reported a higher value for accumulated N in the millet + crotalaria intercropping compared to a spontaneous vegetation treatment.
As for the amount of P accumulated during the first agricultural year (Table 1) , the crotalaria treatment resulted in values higher than the pigeon pea treatment. This was due to its slow growth and low dry matter accumulation during the experimental period. Pigeon pea plants have a high nutrient content until the flowering phase, but little accumulation of dry matter. As the cover crops was managed 63 days after emergence (DAE), during the flowering period of crotalaria and millet, the pigeon pea, because of its slower growth, presented a low accumulation of dry matter. This resulted in the lowest content of nutrient per area. Kappes et al. (2013b) also observed a high amount of P in crotalaria plants. Similarly, Gitti et al. (2012) observed a higher P content for crotalaria and millet + crotalaria than for pigeon pea. Torres et al. (2008) , obtaining a total dry matter of 3,900 kg ha -1 for crotalaria and 1,600 kg ha -1 for pigeon pea, reported a P accumulation of 10.80 and 5.20 kg ha -1 for crotalaria and pigeon pea, respectively. During the Cover crops (1) ns, ** and * -not significant, significant at 1% and 5% probability, respectively; Means followed by the same letter in the columns do not differ by Tukey test at 5% probability; LSD -least significant difference by Tukey test; CV -coefficient of variation. (1) ) ns, ** and * -not significant, significant at 1% and 5% probability, respectively; Means followed by the same letter in the columns do not differ by Tukey test at 5% probability; LSD -least significant difference by Tukey test; CV -coefficient of variation. Selvíria -MS, Brazil (2013/14) . F test: * -significant at 5% probability. ( 1) ) ns, ** and * -not significant, significant at 1% and 5% probability, respectively; Means followed by the same letter in the columns do not differ by Tukey test at 5% probability; LSDleast significant difference by Tukey test; CV -coefficient of variation. CaCl . Test F: ** -significant at 1% probability.
second year, the treatments did not affect the accumulation of P. In relation to the K accumulated in cover crops (Table 1) during both years of research, the highest concentration of this nutrient occurred in the millet + crotalaria treatment in relation to the pigeon pea treatment. This was similar to the data reported by Gitti et al. (2012) . Differently from the results obtained in this study, , studying nutrient accumulation in crotalaria, millet and millet + crotalaria intercropping, reported a higher amount of K for millet compared to other cover crops. This superiority was attributed to a higher accumulation of dry matter (14,040 kg ha -1
) and of K content in millet (22.9 g kg -1
). Perin et al. (2010) did not report differences in the accumulated amount of K for crotalaria, millet, millet + crotalaria intercropping and spontaneous vegetation.
The amount of N, P and K accumulated by pigeon pea plants was low because of the time the pigeon pea took to develop and accumulate dry matter. As the flowering of crotalaria and millet occurred at 63 DAE during the first year and at 60 DAE during the second year, we performed the management of both plants (including the pigeon pea treatment). According to Dalal (1980) , Wijnberg and Whiteman (1985) , pigeon pea accumulates most of the dry matter and nutrients between flowering and maturation. For this reason, the management should be performed at full flowering at the beginning of pod formation (Carvalho and Amabile, 2006) .
Initial population of plants, accumulation of dry matter and nutrients in corn plants
Regarding the initial population of plants (IPP) ( Table 2) , pigeon pea allowed a larger initial population compared to the millet and millet + pigeon pea treatments. This probably occurred because millet has a high content of cellulose and hemicellulose, which are known as components of plant residues with lower degradation rate (Cobo et al., 2002; Jensen et al., 2005) compared to pigeon pea. Weiler (2012) reported a high content of cellulose and hemicellulose in millet (374 and 277 g kg -1
) and a low content in legumes: dwarf pigeon pea has 370 and 147 g kg -1
, respectively. High contents of cellulose and hemicellulose provided a great resistance to millet residues from cutting by harrow discs, interfering with seed distribution. In addition, pigeon pea also presented a low accumulated dry matter, providing a better straw cutting by harrow discs and a better distribution of corn seeds.
According to Silva et al. (2012) , the highest values of penetration depth of seed drill discs were obtained for cover turnip rootlet followed by triticale, black oat, corn and sorghum. Such results can be explained by the low amount of dry matter of turnip rootlet. It facilitates the penetration of the discs into the soil. The low values obtained for sorghum cover are due to the difficulty of cutting straw, which is very fibrous and resistant. Santos et al. (2010) observed that high amounts of straw may affect the sowing operation by interfering with furrow depth, which may consequently affect crop germination.
Inoculation, cover crops and N doses applied in topdressing on corn did not influence the average accumulated shoot dry matter (SDM) during the first agricultural year. Bertin et al. (2005) , evaluating pre-harvest cover crops using a no-tillage system, reported that the dry matter of accumulated corn did not present a significant difference in any of the treatments.
During the second year, SDM was high in crotalaria and millet + crotalaria, which presented the highest averages, differing only from the millet + pigeon pea treatment. Millet + crotalaria had the highest accumulation of N and K, which reflected in a high dry matter per corn plant (Table 3) . Crotalaria, even when presenting less nutrients than millet + crotalaria, was able to make the nutrients available more quickly due to its low C/N ratio.
Corn SDM responded in a quadratic manner in function of increasing doses of N in topdressing (Fig 2) . The highest accumulation of dry matter (5,951 kg ha , respectively. Carvalho et al. (2011) , evaluating the performance of corn genotypes as for the efficiency of nitrogen fertilization, reported that most of them presented an increase in SDM when the dose was changed from 40 to 160 kg ha -1 of N in topdressing. The amount of N accumulated per hectare in corn plants, during the first year, differed only regarding N doses in topdressing (Table 3 ). Based on the data shown in Fig 3, it can be observed that the N doses adjusted to a positive linear function, in which the increase in N doses in topdressing resulted in an increase in the amount of accumulated N. This can be explained, according to Silva et al. (2009) , because the mineral fertilizer provides most of the N accumulated in corn plants, followed by soil and green manures. The amount of N accumulated also increased linearly in response to the increasing doses of cover N in an experiment conducted by Kappes et al. (2013a) . Gava et al. (2010) concluded that the increase in N fertilizer doses promoted an increase in N accumulation in corn plants.
During the second year, plant cover affected the N accumulated by corn plants (Table 3 ). The crotalaria treatment presented the greatest accumulation in relation to millet + pigeon pea treatment. The accumulation of N by corn plants is a result from the dry matter accumulation of corn plants and the N content of these plants. As the SDM (Table 2) showed a superiority in the crotalaria treatment compared to the millet + pigeon pea treatment and as the N content of the plants did not differ statistically, it can be stated that the highest accumulation of N by corn plants was a result from SDM. Majerowicz et al. (2002) reported that the accumulation of dry matter in the shoots of corn plants was affected by the application of N. The authors explained that N deficiency strongly affects plant growth.
Table 3 also shows that the accumulated N responded to N doses. Fig 3 shows that, unlike the first year, the doses adjusted to a quadratic model regarding the N accumulated during the second year. The maximum accumulated, according to the equation, would be 88 kg ha -1 of N using the dose 105 kg ha -1 . It is known that the efficiency of nitrogen fertilization rarely reaches 50%. Therefore, in this analogy, part of the N accumulated by plants came from the fertilizer and the other part probably came from the organic matter in the soil.
Regarding accumulated P and K during the first year, there were no differences (Table 3) . During the second year, the accumulated P and K (Table 3 ) responded similarly to plant covers. This is also a result of a high accumulation of dry matter by corn plants. The millet + crotalaria treatment excelled the millet + pigeon pea treatment. Kappes et al. (2013a) verified that the N, P and K accumulated was higher in crotalaria and millet + crotalaria compared to millet. However, the authors attributed this effect to the accumulated dry matter, since the nutrient content in the whole plant was similar. Silva et al. (2006) , studying the effects of cover crops on the N accumulated by corn plants, reported a high amount of N accumulated in the crotalaria treatment in relation to the millet treatment. The authors stated that it was proportional to the production of dry matter: crotalaria provided a greater accumulated dry matter production to corn compared to millet.
During the second year, the accumulated K (Table 3 ) responded according to N doses. Fig 4 shows that the data adjusted to a quadratic model. The N dose 72 kg ha -1 was highlighted, resulting in a high accumulation of K. Again, this reinforces the link between corn SDM (Fig 2) and nutrient accumulation. In this case, SDM also followed a quadratic tendency regarding N doses. Therefore, it can be inferred that, up to a certain extent, there was not necessarily an induction of a greater accumulation of K by corn plants in function of N doses. What happened, in fact, was a result from the great accumulation of dry matter by the plant. Malavolta et al. (1997) mentioned the most common effects exerted by these elements and demonstrated that the addition of N promotes a decrease of K in leaves. Viana and Kiehl (2010) reported that the accumulation of potassium in wheat shoots varied only according to the addition of potassium. There was no interaction with nitrogen supply.
Materials and Methods
Description of the area: location, climate and soil
We conducted this study during two agricultural years (2012/13 and 2013/14) at an experimental area of the Faculty of Engineering (UNESP), Ilha Solteira campus, located in the municipality of Selvíria, MS, at approximately 51º22' W and 20º22' S. The altitude was 335 meters.
The climate of the region, according to the Köppen classification, is Aw: tropical humid, rainy in the summer and dry in the winter. According to Portugal et al. (2015) , the average annual rainfall is 1,330 mm, with an average minimum temperature of 19°C and an average maximum temperature of 31°C. The values for rainfalls, minimum and maximum temperatures during the conduction of the experiment are shown in Fig 1 (A and B) .
The soil of the experimental area is a typical clayey dystrophic Red Latosol (Santos et al. 2013) , whose chemical analysis is shown in Table 4 .
The experimental area has been cultivated using the notillage system since the 1997/98 agricultural year. In the summers of 2009/10, 2010/11 and 2011/12 , the area was sown with rice. In the winter of those same years, the area was sown with wheat in the first two years and beans in the last year. During 2012/13 and 2013/14, the area was cultivated with corn in the summer and beans in the winter. After the winter harvest, the area was cultivated with millet, crotalaria, pigeon pea, millet + crotalaria, millet + pigeon pea and fallow (spontaneous plants). Each use of vegetation cover was repeated during the last five years in the same places of cultivation.
Experimental design and treatments
The experimental design was randomized blocks in a 6x4x2 factorial design totaling 48 treatments consisting of six cover crops [millet (Pennisetum americanum), crotalaria (Crotalaria juncea), pigeon pea (Cajanus cajan), millet + crotalaria, millet + pigeon pea and fallow]. We applied four doses of cover N (0, 40, 80 and 120 kg ha -1 ) with and without inoculation via seeds using Azospirillum brasilense. The plots consisted of 7 planting rows 6.0 m long and 0.45 m apart.
Plant materials
Crotalaria juncea L. is a fabacea, native from the India and Tropical Asia, with great cultivation potential in the Cerrado region. It presents fast growth, promoting fast soil cover, with potential of dry mass production from 4 t ha -1 to 15 t ha -1 and in regions with rainfall of 200 to 400 mm. It obtains excellent N 2 fixation capacity, between 150 kg ha -1 and 165 kg ha -1 per year (Wutke et al., 2014) . The pigeon pea (Cajanus cajan L.), also from India and tropical Asia, has great potential for cultivation in the Cerrado region. It has slow initial growth, however, it can produce dry mass of 5 to 18 t ha -1 in regions with 200 to 400 mm of rainfall. It provides beneficial effects for the fixation of N2, being able to fix from 41 to 280 kg of N ha -1 per year and, due to the root exudations, like the pisidic acids, is responsible by the solubilization and availability of P combined with iron (Wutke et al., 2014) .
Millet (Pennisetum glaucum L.) forage specie of tropical climate, indicated for the Cerrado region; shows fast growth; vigorous root system; high tillering and nutrient cycling potential. It is a plant resistant to drought, therefore, requires approximately 30 mm of precipitation for germination; produces on average 10 t ha -1 dry mass (Wutke et al., 2014) .
Regarding the fallow, during the first year, there was a predominance of Urochloa ruziziensis; in the second year, the following species of plants appeared: Bidens pilosa, Acanthospermum hispidum, Commelina benghalensis, Phaseolusvulgaris, Euphorbia heterophylla, Sorghum bicolor, Eleusine indica and Urochloa ruziziensis.
In the first and second year in the sowing of the corn were use the simple hybrids DKB 390 VT PRO and 2B710 PW, respectively. These hybrids have early cycle, grains of yellow/orange coloring and are indicated for the production of grains.
Installation and conducting of field experiment
The sowing of the cover crops was made on 09/05/2012 and 09/09/2013. We used a tractor seeder to mark the lines, with a spacing of 0.45 m between rows. The sowing of cover crops was performed manually using planting forks without fertilization. We used an average of 60 kg ha -1 of pigeon pea, 25 kg ha -1 of crotalaria and 15 kg ha -1 of millet seeds. In the treatments containing vegetal cover intercropping, 50% of seeds of each species were used. Water supply, when necessary, was performed by a fixed sprinkler irrigation system with a three-day irrigation frequency. At the flowering of millet and crotalaria, 63 days after emergence (DAE) (11/12/2012) and 58 DAE (11/13/2013), the chemical management of all vegetation cover was performed by applying the herbicides 2,4 D and glyphosate at doses of 1,209 and 1,440 g ha -1 of a.i., respectively, for desiccation of the plants existing in the experimental area. After nine days of chemical management, the area was managed with a Triton ® mechanical disintegrator to facilitate the sowing of the crop, demarcation of experimental plots, and to allow the degradation of a large part of the herbicide used for desiccation, exempting corn from any toxic effects. The liming of the area, during the first year, was performed by using 1.64 t ha -1 of lime with a 73% PRNT. During the second year, it was performed using 1.5 t ha -1 of lime with an 80.3% PRNT.
At 2 and 3 days after the management of the cover crops with Triton® in the first and second year respectively, the corn sowing was performed on the straw of these cover crops, according to each treatment, aiming to evaluate their effects on the corn nutrition.
The mechanical sowing of corn was performed on 11/23/2012 and 11/25/2013 using the simple hybrids DKB 390 VT PRO and 2B710 PW, respectively. The seeds were treated during both years with imidacloprid and thiodicarb at doses of 50 and 150 g a.i., respectively, for 60,000 seeds to avoid the initial attack of possible pest insects. After seed treatment, the inoculation was carried out in a shaded environment shortly before sowing using the marterfix gramíneas® inoculant of the Stoller® company, that contains Azospirillum brasilense strains Ab-V 5 and Ab-V 6 . The inoculant used had 2x10 8 viable cells per gram of commercial product. The dose of 200 g of turf inoculant was applied during the first year and 200 mL of liquid inoculant for 25 kg of seeds was applied during the second year. Three seeds per meter of furrow were distributed at a spacing of 0.45 m between the lines aiming to obtain 60-65 thousand plants ha -1 . The basic mineral fertilization in the sowing furrows of the corn was calculated according to the soil chemical characteristics and taking into account the recommendations made by Cantarella and Furlani (1996) . During the first year, we used 24 kg ha -1 of N, 84 kg ha -1 of P 2 O 5 and 48 kg ha -1 of K 2 O; in the second year, 26 kg ha -1 of N, 92 kg ha -1 of P 2 O 5 and 52 kg ha -1 of K 2 O. The nitrogen fertilization in topdressing (nitrogen doses) was performed at the complete formation of the 5 th leaf, on 12/17/2012, at 18 DAE in the first year. In the second year, the nitrogen fertilization in topdressing was performed on 12/16/2013 at 17 DAE. The N source was urea distributed on the soil surface next to the corn lines. After, the area was irrigated to minimize losses by ammonia volatilization. In order to keep the crop free from competition with invasive plants during both years, the herbicides atrazine and tembotrione were applied at post-emergence at rates of 1,000 and 100 g ha -1 of i.a., respectively, in the form of a tank mix.
The female flowering of the crop, in the first year, occurred on 01/16/2013 at 48 DAE; in the second year, on 01/17/2014 at 49 DAE.
Variables analyzed in cover crops
After the management of the cover crops with Triton®, a sample of the resulting straw in each plot was collected and the nitrogen, phosphorus and potassium accumulated in these cover crops were evaluated.
Variables analyzed in corn plants
In the corn plants were evaluated: initial population at 10 DAE, accumulated dry matter at female flowering, and accumulated amount of nitrogen, phosphorus and potassium at female flowering.
Statistical analysis
The results were submitted to the F test of analysis of variance. When a significant result was verified by the F test (p≤0.01 and ≤0.05), a Tukey test (p≤0.05) was performed to compare averages of plant covers and seed inoculation, and a polynomial regression was performed for nitrogen doses.
Conclusion
Millet + crotalaria intercropping allows high accumulated amounts of N and K and results in a high accumulation of dry matter and nutrients by corn plants sown in succession. The cover nitrogen fertilization provided an increase in the dry matter accumulated by corn plants of up to 85 kg ha -1 . Inoculation via seeds using Azospirillum brasilense did not increase the accumulation of dry matter and nutrients by corn plants.
